INTRODUCTION {#sec1-1}
============

The use of medicinal plants for the treatment of metabolic diseases is gaining ground worldwide.\[[@ref1]\] Diabetes mellitus is a disease frequently encountered in all communities, especially those living in developing countries,\[[@ref2]\] this disease is steadily posing a serious economic problem and decrease patients' comfort.\[[@ref3][@ref4]\] Indeed World Health Organization (WHO) predicts that by 2030, diabetes will be the seventh leading causes of death worldwide.\[[@ref5]\] Estimation of the global incidence of diabetes in 2013 and the projection for the year 2035 as given by the International Diabetes Federation is 592 million.\[[@ref6]\] The WHO in its resolution AFR/RC50/R3 (2000)\[[@ref7]\] recommended and encouraged research and the use of medicinal plants especially in countries where access to modern medicine and conventional treatment is difficult. Consequently, research on antidiabetic medicinal plants traditionally used and with less side effects or without any toxicic effect was undertaken by N'Guessan and Tra Bi *et al*.\[[@ref8][@ref9]\] They are, *Allium sativum* L. (Liliaceae), *Cassia occidentalis* L. (Caesalpiniaceae) *Chrysophyllum cainito* L. (Sapotaceae), Smooth *Clerodendrum* (L.) Gaertn. (Verbenaceae), *Crescentia cujete* L. (Bignoniaceae), *Euphorbia hirta* (L) (Euphorbiaceae) *Jatropha curcas* L. (Euphorbiaceae) *Jatropha gossypiifolia* L.(Euphorbiaceae) *Mangifera indica* L.(Anacardiaceae). *E. hirta* was selected. Because it is ubiquitous and easily accessible especially in developing, tropical and subtropical countries.\[[@ref10][@ref11]\] Traditionally, this plant species is used in the treatment of gastrointestinal disorders\[[@ref12][@ref13][@ref14]\] bronchial and respiratory diseases,\[[@ref15]\] kidney stones, diabetes, conjunctivitis and many other diseases.\[[@ref10]\] Numerous properties of this plant have already been demonstrated, among other activities antipyretic, analgesic, anti-diabetic and bactericidal activity.\[[@ref10]\]

This study aim at searching for the chemical constituents responsible for the antihyperglycemic activity of this plant in other to use the extracts of this plant in the management of diabetic patients.

MATERIALS AND METHODS {#sec1-2}
=====================

Materials {#sec2-1}
---------

### Chemicals and equipment {#sec3-1}

Godin reagent, 10% ferric chloride, anisaldehyde and ultraviolet (UV) were used for thin layer chromatography (TLC).

### Plant material {#sec3-2}

It consists of the aerial part (stem and leaves) of *E. hirta* Linn., collected in February 2012 in Adzopé, in the region of Agnéby northern part of Abidjan (Côte d' Ivoire). The identification was done at the Department of Botany, University of Félix Houphouët Boigny Abidjan. A specimen was deposited at the Herbarium of the National Centre of Floristic at the University under N^°^. F.Y. 01, Février 2012. The plant, was collected, washed with water and then dried in the shade on racks at ambient temperature in the laboratory.

Methods {#sec2-2}
-------

### Preparation of extracts {#sec3-3}

Dried plant was coarsely pulverized. An aliquot of powdered drug has been used for the physicochemical analysis and for the determination of minerals salt. Maceration of 100 g in 1000 mL of distilled water for 24 h was made. The filtrate corresponding to the form of traditional use was aliquoted. An aliquot of the filtrate or totum or extemporaneous extract, concentrated in a rotary evaporator and then lyophilized was used for assay of the total polyphenols, total flavonoids and evaluation of acute toxicity. The other aliquot exhausted successively with different solvents of increasing polarity gave the petroleum ether fractions, chloroform, ethyl acetate fractions, the butanol fraction and the fraction of water remaining. All extracts were used for phytochemical study.

### Characterization of the chemical constituents {#sec3-4}

Characterization of secondary metabolites of drugs of *E. hirta*, used the phytochemical screening and TLC as described in the work of Godin 1954; Georgievskii *et al*., 1990; Dawson *et al*., 1991.; Wagner and Bladt, 1996; Dekker, 2002; Kouri, 2004; Lagnika, 2005.\[[@ref16][@ref17][@ref18][@ref19][@ref20][@ref21][@ref22]\]

The conventional characterization reagents had been used to highlight the following chemical groups: Alkaloids (Dragendorff reagent), polyphenols and tannins (ferric chloride), flavonoids (reaction of cyanidin), sterols and terpenes (Lieberman reaction) the saponins (foaming Index) reducing compounds (Félhing reagent) and mucilage (ethanol 60°). For TLC, the test solutions were prepared by dissolving 10 mg of each dried extract in 1 ml of a mixture of methanol-water (1:1). Ten microliters were deposited on a plate of silica gel 60 GF~254~, 0.25 mm thick using micropipettes. The visualizing reagent used are: petroleum ether: ethyl acetate (1:2, v/v); nButanol:acetic acid:water (60:15:25, v/v/v) and (40:10:50, v/v/v); ethyl acetate:methyl ethyl ketone:formic acid:water (50:30:10:10, v/v/v/v). The plates were dried and observed under UV lamp at 254 nm and 366 nm. The 10% ferric chloride in methanol and Godin reagent followed by heating anisaldehyde, have allowed the constituents compounds to be visible.

### Determination of total polyphenols and total flavonoids {#sec3-5}

The amount of total phenols in the totum was determined by the colorimetric method of Singleton *et al*.\[[@ref23]\] modified par Lamien-Meda *et al*.\[[@ref24]\] using the Folin-Ciocalteu reagent the quantity of flavonoids totaux was determined by the method of Arvouet-Grand *et al*.\[[@ref25]\]

After 2 h and 10 min of reaction, for total phenols and total flavonoids respectively, the absorbance was determined at 760 nm and 415 nm in a spectrophotometer (Epoch 251465, Biotek Instruments, USA). The amount of total phenolic compounds was determined against a standard curve (Y = 0.005 × X + 0.0885; *R*^2^= 1) performed with different concentrations of gallic acid. The total phenol concentration was expressed in mg gallic acid equivalent (GAE)/gram of dry matter GAE mg/g. As for total flavonoids, the standard curve was made with different concentration of quercetin (y = 0.0289 × X + 0.0036; *R*^2^= 0.99). The results were expressed in milligrams quercetin equivalent per gram of dry extracts (mg of QE/g). Each test was done in triplicate

### Evaluation of acute toxicity {#sec3-6}

This assessment was carried out in accordance with the method of Ecobichon.\[[@ref26]\] The mice were divided into two homogeneous groups according to their body weight. One lot was treated with the crude extract and the other served as the control lot. Animals fasted for 4 h with free access to water. The totum was administered at a dose of 3000 mg/kg body weight orally. Mortality was investigated in 14 days and abnormal behavior compared to the control lot. In case of death, the test will be repeated with reduced doses.

Physicochemical study {#sec2-3}
---------------------

This study involved the determination of the water content and ash.

### Water content {#sec3-7}

The determination of the water content was performed using the gravimetric method according to AOAC.\[[@ref27]\] Five tests of 2 g each were introduced in five calibrated crucibles. The five samples were dried in an oven at 105°C for 24 h. The crucibles were cooled in a desiccator and weighed. The masses obtained were used to calculate the mass loss and calculate the water content of the powder as a percentage.

Ash contents {#sec2-4}
------------

### Total ash {#sec3-8}

The dried powder used during the determination of the water content was reduced to ashes in a furnace at 600°C for 6 h. After cooling in a desiccator, the ash was weighed. The masses obtained were used to calculate the masses of ash and calculate the total ash content, expressed as a percentage.

### 10% hydrochloric acid insoluble ash {#sec3-9}

Total ash obtained was mixed with 20 ml of 10% hydrochloric acid. The whole mixture was boiled in a water bath for 15 min. The solution obtained was filtered through watt man paper. The residue was collected in a calibrated crucible and calcinated in an oven at 600°C for 6 h. After cooling in a desiccator, the mass of ash insoluble in hydrochloric acid was measured expressed as a percentage.

### 50% Sulfuric acid ash {#sec3-10}

Five tests of 5 g powder each were introduced in calibrated crucibles. It was added to the contents of each crucible 5 ml of 50% H~2~SO~4~. The solution was placed in the oven at the temperature of 600°C for 6 h. After calcination and cooling in a desiccator, the ashes were weighed and the mass of sulfuric ash was expressed as a percentage.

### Detection and determination of minerals salt {#sec3-11}

The qualitative and quantitative analysis of minerals was made by microanalysis energy spectrometry coupled with scanning electron microscopy-energy dispersive spectrometry (SEM/EDS or SEM-EDS) = SEM-EDS). This microscopy, at variable pressure in D.C A.C. (MEB FEG Supra 40 VP zeiss) is equipped with an X-ray detector (Oxford Instruments) connected to a platform EDS microanalysis (Inca Dry Cool without liquid nitrogen).

Two g of sample were burnt to ash (ASTM D 482) and then cooled in a desiccator. Then 10 mg of ash were spread evenly with carbon double-sided adhesive on a primed and attached to the object holder of the SEM/EDS gate pad. Whole equipment was introduced into the chamber of the SEM-RX for microanalysis (EDS).

RESULTS {#sec1-3}
=======

Major chemical constituents {#sec2-5}
---------------------------

The quantity of the aqueous extraction of *E. hirta* Linn., after lyophilization, was 18.17% in contrast to Kandalkar *et al*.\[[@ref28]\] who found 24 ± 1.5%. The phytochemical screening has allowed to identify, reducing sugars, alkaloids, saponins, polyphenols, tannins and flavonoids, terpenes and sterols and especially abundant mucilage TLC was used to calculate the frontal reports and observe the colors of the different spots of the chromatograms. These parameters are reported in Tables [1](#T1){ref-type="table"}--[7](#T7){ref-type="table"} below.

###### 

Chromatogram of the crude aqueous extract of *Euphorbia hirta* Linn

![](PR-7-7-g001)

###### 

Chromatogram of dry lyophilized extract of *Euphorbia hirta* Linn

![](PR-7-7-g002)

###### 

Chromatogram of the aqueous fraction of *Euphorbia hirta* Linn

![](PR-7-7-g003)

###### 

Chromatogram of the butanol fraction of *Euphorbia hirta* Linn

![](PR-7-7-g004)

###### 

Chromatogram of the ethyl acetate fraction of *Euphorbia hirta* Linn

![](PR-7-7-g005)

###### 

Chromatogram of the chloroform fraction of *Euphorbia hirta* Linn

![](PR-7-7-g006)

###### 

Chromatogram of the petroleum ether fraction of *Euphorbia hirta* Linn

![](PR-7-7-g007)

Determination of total polyphenols and total flavonoids {#sec2-6}
-------------------------------------------------------

The total polyphenol content in the aqueous totum is 120.97 ± 7.07 mg GAE/g of dry matter, while the total flavonoid content is 41.4 ± 0.5 mg QE/g of dry matter.

### Toxicity {#sec3-12}

The aqueous maceration of *E. hirta* Linn., at a dose of 3000 mg/kg did not cause toxicity during 14 days of observation.

### The physicochemical study {#sec2-7}

The physicochemical study revealed a moisture content of 7.73 ± 0.00%, total ash 7.48 ± 0.03%. Sulfuric ash 9.05 ± 0.01%, hydrochloric acid insoluble ash 0.8 ± 0.02%.

### The mineral salt {#sec3-13}

Found are shown in Tables [8](#T8){ref-type="table"} and [9](#T9){ref-type="table"}. Scanning of *E. hirta* Linn. ash has revealed many minerals salt and gases like magnesium, potassium, calcium, zinc and traces of chrome.

###### 

*Euphorbia hirta* Linn. (stem and leaves)\'s salt; all results in weight%

![](PR-7-7-g008)

###### 

*Euphorbia hirta* Linn. (stem and leaves)\'s salt; all results in compound%

![](PR-7-7-g009)

DISCUSSION AND CONCLUSION {#sec1-4}
=========================

This study have investigated the secondary metabolites and minerals in the aerial part of *E. hirta* Linn. responsible for the anti-hyperglycemic activity of this ubiquitous herb. It also assessed the toxicity of aqueous macerated.

About the composition of secondary metabolites of the plant collected in Côte d'Ivoire, the phytochemical screening showed the main chemical constituents, they are: Reducing sugars, alkaloids, saponins, polyphenols, tannins and flavonoids, sterols and terpenes, and the presence of mucilage. The presence of mucilage, in *Abelmoschus esculentus* Moench (Malvaceae) by a study conducted by Masashi *et al*.\[[@ref29]\] was responsible for the anti-hyperglycemic activity on rats,\[[@ref30]\] the anti-antidibeticactivity on rats or mice\[[@ref31]\] and their traditional use as antidibetic.\[[@ref18][@ref19]\]

Thin layer chromatography visualized under UV 254 nm and 366 nm for each extract or fraction, presented clear or colored fluorescent spots. The observed colors are yellow, blue, red, purple, green, gray and brown or purple that may correspond to several classes of secondary metabolites: Yellow, green (coumarins);\[[@ref17]\] any yellow (flavonols and/or aurones); blue and purple (flavonesmethylees).\[[@ref18]\] To state the precise nature reagents that may reveal the different chemical groups were used.\[[@ref20][@ref21][@ref32]\]

Godin reagent and anisaldehyde allowed to see spots of brown or purple and yellow which could reveal flavonoids and sapogenins. Violet colors, blue and pink could be sterols or tri terpenes and greenish gray spots, green, black or black-brown could be polyphenols or tannins.\[[@ref20][@ref21]\]

FeCl~3~ allow viewing gray spots on yellow background. These reveal polyphenols or tannins.\[[@ref20]\] By applying these bibliographic data on all the results obtained, we conclude that all the revealed spots correspond to polyphenols, tannins and flavonoids, sterols and tri-terpenes and saponins.

Our results, showing the presence of chemical groups identified by the Phytochemical screening and TLC, are consistent with research conducted in Nigeria by Okoli *et al*.\[[@ref33]\] by Tiwari *et al*., in India\[[@ref34]\] and Basma *et al*., in Malaysia,\[[@ref35]\] on the same species. Furthermore our investigations discover mucilage. This study confirms that the extracts and fractions are rich in secondary metabolites \[Tables [1](#T1){ref-type="table"} and [7](#T7){ref-type="table"}\]. Also despite the diversity of climate and soil types where this species grows, *E. hirta* Linn. retains the same qualitative composition of secondary metabolites.

The dosage of the polyphenolic compounds and of total flavonoids shows a large quantity of these compounds. The amount of polyphenols content when extracted Basma *et al*.,\[[@ref35]\] with methanol (206.17 ± 1.95 mg GAE/g) seems more important than in those extracted by water (120.97 ± 7.07 mg GAE/g). While the amount of flavonoid content when extracted with water (41.4 ± 0.5 mg QE/g) in *E. hirta* Linn. is substantially identical to that extracted with methanol (37.970 ± 0.003 mg QE/g). These extraction methods do not influence the availability of each secondary metabolite when the plant is consumed. All comparisons of these methods are useful for the implementation of the best method of extracting a group of metabolites. The presence of poly phenolic compounds and flavonoids involved in the management of metabolic diseases especially diabetes.\[[@ref36][@ref37][@ref38]\]

Concerning the toxicity, *E. hirta* did not show any toxic effect at 3000 mg/kg bw in rats. These results are in agreement with those of one hand,\[[@ref39]\] which showed a non-toxic effect of the extracts in doses of 3000, 6000 and 9000 mg/kg. Also, other authors reveal a protective effect of leaf extracts of *E. hirta*.\[[@ref40]\] Contrary to that of Oyewale\[[@ref41]\] found that toxicity of aqueous extract with an LD~50~ equal to 1412.5 ± 4.7 μg/mL that is 1412.5 ± 4.7 mg/kg to the safety limit on shrimp. Not with standing Adedapo\[[@ref42]\] calls for caution in the use of ethanol extract of this plant because some chromatographic fractions of this extract have shown toxic effect on rats. The protective effect of *E. hirta* could be due to the large content of polyphenol and flavonoid.\[[@ref41]\]

In view of the importance of *E. hirta* Linn., for its composition and secondary metabolites for its various pharmacological properties, especially against the installation of diabetes, analysis of physicochemical properties was also performed. The moisture content was 7.73 ± 0.00% whereas Kandalkar *et al*. reported 4.2 ± 2.00%.\[[@ref28]\] Our results are higher, but \<10% indicating a good preservation quality of the drug.\[[@ref43]\] The total ash value, insoluble in hydrochloric and sulfuric acid were respectively 7.48% ±0.03%, 0.8% ±0.02% and 9.05 ± 0.01%. The values of total ash, ash insoluble in hydrochloric acid and sulfuric acid found by this author Kandalkar *et al*.,\[[@ref28]\] are still weak and are respectively equal to 5.5 ± 0.3%, 2.5 ± 0.5% and 7.0 ± 0.4% except for ash insoluble in hydrochloric acid. The high total ash value found on our samples is certainly in favor of a heavy load of minerals in the plants.\[[@ref44]\]

Therapeutically, it is preferable to associate the presence of minerals improving insulin sensitivity.\[[@ref45]\] Minerals are essential elements involved in many mechanisms. They are supplied into the body through the diet or medication. The search for these trace elements has enabled us detect numerous minerals including chromium, mineral improving insulin sensitivity through modulation of insulin metabolism and stimulating insulin sensitivity.\[[@ref46]\] Magnesium, enzyme activator, participates in major metabolisms, Potassium, Calcium, and Zinc are supporting a good insulin activity because their disability is due to insulin resistance.\[[@ref45]\] Thus, *E. hirta* is evaluated as a source of polyphenols, mucilage and minerals support the antidiabetic activity.

CONCLUSION {#sec1-5}
==========

The search for different components of *E. hirta* L. has enabled us to have a better understanding of anti-hyperglycemic activity of this plant. Indeed, the simultaneous presence of mucilage, secondary metabolites and mineral salt exerts a synergistic action to reduce hyperglycemia and at the same time undertakes remedial action due to the presence of polyphenolic compounds. It is also desirable to encourage people in developing countries to consume occasionally the stems with leaves of *E. hirta* in view of the increasing installation of diabetes mellitus in our populations worldwide.
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